INTRODUCTION
============

In 1988, Reaven introduced the term syndrome X, which consisted a cluster of syndromes including hyperinsulinemia, hypertension, dyslipidemia, hyperglycemia, and resistance to insulin-stimulated glucose uptake ([@B1]). He claimed that insulin resistance (IR) plays a central role in the etiology and clinical course of patients with diabetes mellitus, high blood pressure (BP), and coronary heart disease ([@B2]). In 1998, the World Health Organization recognized the importance of this clustering and further defined the components of metabolic syndrome (MetS) ([@B3]). In 2001, the National Cholesterol Education Program Adult Treatment Panel III (ATP III) provided criteria for this syndrome that are now often used in general practice ([@B4]).

The components proposed in the ATP III guidelines include obesity (high waist circumference) ([@B5]), high serum triglyceride (TG) level ([@B6]), high BP ([@B7]), high fasting plasma glucose (FPG) level ([@B8]), and low level of high-density lipoprotein cholesterol (HDL-C) ([@B9]). All these parameters were associated with IR. In addition, subjects with MetS are considered to have IR and an increased risk of cardiovascular disease (CVD) ([@B10]). Identifying patients with IR is clinically important because IR is associated with increased CVD-related mortality and incidence of diabetes mellitus ([@B11]). However, few data show whether the ATP III criteria are suitable for detecting IR. Furthermore, the degree of IR varied with different methods of measurement. Therefore, the purpose of this study was to explore the relationship between IR and the ATP III criteria for MetS and to evaluate the ability to detect IR from the method of insulin suppression test (IST) in subjects fulfilling those criteria.

MATERIALS AND METHODS
=====================

Subjects
--------

We enrolled 511 subjects (218 men and 293 women, aged 20-75 with mean 45.8±2.2 yr) during routine health checkups at our hospital. Subjects with a history of hypertension or other clinically significant medical or surgical diseases were excluded. Subjects with diabetes were excluded after they underwent an oral glucose tolerance test. We excluded the diabetic subjects because IR is the major patho physiological defect of type 2 diabetes and in most of the diabetic patients fulfilling the criteria of MetS. Thus, this might lessen the impact of the results when interpreting the data to explore our major purpose in the present study. Our hospital ethics committee approved the study. The nature, purpose, and potential risks of the study were explained to the patients, and we obtained their written informed consent to participate in the study.

Laboratory evaluation
---------------------

All subjects were tested at our clinical research center. During enrollment, all patients underwent complete routine physical examination to rule out cardiovascular, respiratory, renal, or endocrine disorders. No patient had received any medication known to affect glucose metabolism for at least 3 weeks before the study. Three days before the study, patients were prescribed a stable diet.

The patients\' ability to process a glucose load was estimated by using the modified IST of Shen and Reaven ([@B12]). After an overnight fast, an intravenous catheter was placed in each of the patients\' arms. One arm was used to administer a 180-min infusion of somatostatin at a rate of 250 µg/hr, insulin at 25 mU/m^2^/min, and glucose at 240 mg/m^2^/min. The other arm was used to collect blood samples. Blood was initially sampled every 30 min and then at 10-min intervals from minutes 150 to 180 of the infusion. These samples were used to determine the steady-state plasma insulin (SSPI) and steady-state plasma glucose (SSPG) concentrations for each subject. The SSPI concentrations were comparable in all individuals; therefore, the SSPG concentrations were used to measure the efficacy of insulin in processing the infused glucose load. Increasing SSPG values indicated increasing IR. Because Reaven suggested that the top 25% of SSPG values in the general population indicated IR ([@B1]), we divided our subjects into four groups by SSPG quartiles. Those with values within the top quartile were considered to have IR.

Subjects were evaluated for MetS by using the ATP III criteria. Their height and weight were measured to the nearest 0.5 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated as weight divided by \[height\]^2^. Because waist circumstances were not available for all subjects, we substituted a BMI ≥27 kg/m^2^ as an index of obesity; this was the level the Taiwanese Department of Health defined in 2002 as indicating obesity. Other four specific criteria included TG ≥1.7 mM/L, BP ≥130/85 mmHg, FPG concentration ≥6.1 mM/L, and HDL-C ≤1.04 mM/L for men or 1.30 mM/L for women ([@B4]). Subjects who fulfilled at least three out of five criteria met the definition of MetS ([@B4]). BP was measured according to the criteria of the Seventh Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

Plasma was separated from the blood samples within 1 hr of their collection and stored at -30℃ until analyzed. The samples obtained at -5 and 0 min were analyzed for FPG, fasting plasma insulin, and lipid levels. Plasma glucose values were determined by using a glucose oxidase method and analyzer (YSI 203 glucose analyzer; Scientific Division, Yellow Spring Instrument Company, Inc., Yellow Spring, OH, U.S.A.). Insulin was measured by a commercial solid phase radioimmunoassay kit (Coat-A-Count Insulin Kit, Diagnostic Products Corporation, Los Angeles, CA, U.S.A.). Intra- and interassay coefficients of variance for insulin were 3.3 and 2.5%, respectively. Serum TG values were measured by using the dry, multilayer analytical slide method (Dri-Chem 3000 analyzer; Fuji Photo Film Corporation, Minato-Ku, Tokyo, Japan). Serum HDL-C concentrations were determined by means of an enzymatic cholesterol assay after dextran sulfate precipitation.

We also explore the relationship between MetS diagnosed with ATP III criteria and IR. The sensitivity is the proportion of MetS cases of all IR cases in the study population. The specificity is the proportion of cases not fulfilled the MetS criteria of all of the cases without IR in the study population. Finally, the positive predictive value means the proportion of IR case of all MetS cases in the study population.

Statistical analysis
--------------------

Analysis was performed by using software (SPSS version 10.0 statistical package for Windows; SPSS, Chicago, IL, U.S.A.). Data were tested for normal distribution with the Kolmogorov-Smirnov test and for homogeneity of variances with the Levene test. Continuous variables were expressed as the mean±standard deviation. An independent Student *t*-test was used to evaluate anthropometric differences between men and women. A χ^2^ test was used to test differences in prevalence in categorical variables for both sexes. Associations of SSPG with the criteria for MetS were assessed by using Spearman correlation analysis. All statistical tests were two-sided, and *p* values\<0.05 were considered to indicate a statistical significance.

RESULTS
=======

In general, men had higher BPs and BMIs and lower HDL-C levels than the women. Other metabolic characteristics were not significantly different between the sexes ([Table 1](#T1){ref-type="table"}).

The prevalence of various components of MetS did not differ between the sexes, except that BMI was higher in men than in women. The commonest abnormality related to MetS was a low HDL-C value, followed by high BP, and then the other components ([Table 2](#T2){ref-type="table"}).

The sensitivity to detect IR by using the criteria for MetS was about 47% overall; the sensitivity was slightly higher in men than in women (53% vs. 41%) ([Table 3](#T3){ref-type="table"}). However, specificities were similar in men and women (92%). The positive predictive value was higher in men (70%) than in women (60%), with an overall value of 64.8%.

[Table 4](#T4){ref-type="table"} presents the predictive value to detect IR in subjects who fulfilled the criteria for MetS. In general, the predictive value for IR increased as increasing numbers of components of MetS were combined. The most common combination in subjects with both MetS and IR were obesity, high BP, and low HDL-C level. Table 5 shows the association between components of MetS and IR. A positive correlation was seen in each component of MetS with SSPG except for HDL-C values, which had a negative correlation. The strongest factor correlated with SSPG was obesity, followed by a high TG level.

DISCUSSION
==========

Reaven proposed that IR has a central role in MetS, and study data have confirmed that a finding of baseline IR is associated with subsequent CVD ([@B11]). The purpose of the ATP III criteria for MetS is to identity individuals at high risk for CVD. The components of MetS criteria are usually associated with various degrees of IR. Our data showed that men had high BMIs and BPs and low HDL-C levels compared with women, a finding that might have accounted for the differences in prevalence. Traditional risk factors for CVD include abnormal lipid profiles, hypertension, obesity, and diabetes. Diabetes mellitus is now considered as a CVD equivalent ([@B13]). Individuals with MetS are believed have an increased risk of diabetes mellitus ([@B14]). They are also prone to develop CVD. This is also true for individuals with IR, who have an increased risk for CVD and diabetes.

Several methods can be use to detect IR. The IST has a very high correlation (r=0.93) with the gold standard-hyperinsulinemic euglycemic clamp for evaluating IR ([@B15]). Assessment for hyperinsulinemia, a surrogate measurement of IR, or the homeostatic model assessment of IR is usually used in epidemiologic studies. However, the results are not exactly correlated with IR. The demonstration that the criteria for MetS can be used to identify subjects with IR is clinically important. The criteria of MetS proposed by ATP III are more clinically applicable than the World Health Organization criteria proposed in 1999. Our data revealed that the sensitivity to detect IR by using the ATP III criteria was less than 50%, with a slightly higher rate in men than in women. The sex-related difference may be attributed to the different prevalences of the individual components. However, specificity was similar and high (92%) in both sexes. Therefore, the criteria do not seem to be useful for evaluating subjects with MetS for detecting IR. These findings may not be initially persuasive. The criteria for MetS included at least three component combinations and individual components associated with IR; therefore, subjects who fulfill the criteria for MetS might reasonably be thought to have a high probability of IR. The high specificity may consistent with the concept. However, the relationship among these five components that can influence each other may explain the lower sensitivity to predict IR.

Our results were similar to those of a previous study in which about two-thirds of the subjects with diagnosed with MetS had IR ([@B16]). Our correlation value (r=0.139\~-0.48) was relatively low because the association between SSPG and each component of the MetS was weaker than previously reported (r=0.39-0.59). However, a similar finding was that the two components most strongly associated with IR were obesity and high TG levels. Furthermore, we observed no sex-related difference.

All of the components of MetS were associated with IR. However, the sensitivity to detect IR in subjects fulfilling the criteria for MetS was low ([Table 4](#T4){ref-type="table"}). In general, the predictive value increased as more components were included. Of interest, subjects with four of the criteria (all of the criteria excluding TG) had a relatively low positive predictive value of 33%. This finding may imply that subjects with MetS and having the high TG concentrations may tend to have IR. Furthermore, in subjects fulfilled the MetS criteria with three-component combinations, the predictive values of three-component combinations were 67 to 88% if BMI and HDL-C components were included. That means subjects with these both criteria may be more associated with IR. Oppositely, the rate of MetS or IR and positive predictive rate were low if three-component combinations included any two of BMI, HDL-C, and BMI plus one of BP or FPG component. These data revealed that BP and FPG may attenuate the predictive value for IR. Furthermore, our data suggest that the prevalence of IR based on individual components of the MetS was highest for BMI and TG (60% and 52%, respectively, data not shown). When combinations of two components were evaluated, the lowest positive predictive value for IR was for BP and FPG (0%); this supports the aforementioned findings. Further supportive data was that the association to IR was lower in BP and FPG than that of TG and BMI. However, the highest predictive value for IR was obtained by the combination of BMI and low HDL-C (64%, data not shown), though the weakest association was observed between IR and HDL-C. The different prevalence (67% vs. 14%) may explain why HDL-C had a higher predictive value than that of TG. However, BMI still resulted in the highest predictive value in the setting.

Our study had several limitations. First, it was a cross-sectional cohort study. A population-based study should be conducted for further evaluation. Second, the relatively higher prevalence of low HDL-C levels in both sexes may need to be clarified. Last, we used BMI as an index of obesity with the same cut-off levels for both genders; this application might have influenced our results. Furthermore, the criteria of BMI might have contributed to the lower prevalence of MetS in this study, and thus, the interpretation of results should be accomplished cautiously with the consideration of the ATP III criteria that include the criteria of waist circumstance.

In conclusion, obesity and a high TG level were associated with IR and may be important markers for IR in subjects with MetS. However, fewer than half of our subjects with MetS had IR. Therefore, the criteria for MetS may not be practical for determining whether subjects have IR. Meanwhile, in terms of the prevention of CVD, obesity and high TG levels might play an important role than other criteria in subjects with MetS.

###### 

Baseline characteristics of the study subjects

![](jkms-23-465-i001)

Data are the means±standard error of the mean.

^\*^Statistically significant between genders by Student *t*-test.

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; SSPG, steady-state plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
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Prevalence of each component of the metabolic syndrome
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Data in parentheses are percentages.

^†^Defined as ≤1.04 mM/L in men and ≤1.30 mM/L in women.

^\*^*p*\<0.05 with statistically significance between genders by χ^2^-test. BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
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Relationship between metabolic syndrome diagnosed with ATP III criteria and IR
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Data are from the total subjects (men/women).

Sensitivities were 31/58=53% in men, 28/69=41% in women, and 59/127 =46.5% overall. Specificities were 147/160=92% in men, 205/224=92% in women, and 352/384=91.7% overall. Positive predictive values were 31/44=70% in men, 28/47=60% in women, and 59/91=64.8% overall.

MetS, metabolic syndrome; SSPG, steady-state plasma glucose.
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Identification of metabolic syndrome and IR by using combinations of ATP III criteria
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Data are the total subjects (men/women).

IR, insulin resistance; ATPIII, Adult Treatment Panel III; BMI, body mass index; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure.

###### 

Spearman correlations between components of the metabolic syndrome and IR
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^\*^For all values except this one, *p*\<0.01; tested by Spearman correlation coefficients.

IR, insulin resistance; BMI, body mass index; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure.
